Abstract -In this paper, we propose a novel region-based perceptual grouping algorithm for road segment identifying in urban areas from high resolution spatial images. Unlike the conventional approaches which are based on edges, our grouping is carried out on region basis. An imagery scene is modeled by the spectrally homogeneous regions restrained in shape and size. Given a set of low level image features for each region, perceptual grouping is performed on the regions to generate a higher level of structure, from which road segments are extracted. In our unique approach, perceptual grouping is based on the similarity of spectral, orientation and proximity of the candidate regions. For this, a crisp classifier is employed for similarity measurement to find the road candidates; the road candidates are further merged into larger regions in terms of their orientation and adjacency. The road segments are extracted from these merged regions on geometric measurement of a candidate road segment. In order to evaluate the performance of the proposed algorithm, experiments are carried out on imagery of real scenes. The results showed the approach has the advantage of distinguishing roads from artifacts caused by parking lots and buildings.
I. INTRODUCTION
ccurate and up-to-date road network information is essential for geographic information system (GIS) databases, transportation and urban planning, automated road navigation, and emergency response applications. Rapidly changing urban environments precipitate the need for frequent updates or revisions of GIS road network data layers. Since manual extraction of road networks from imagery is very time consuming, automated methods are therefore highly desirable to improve the speed and utility for road mapping.
Numerous approaches of automatic road extraction from spatial imagery have been developed in the past 20 years (see [1] for detailed survey). Due to the coarse resolution of satellite images, most early design approaches presented roads as the curvilinear structures towards the extraction of roads in rural areas. Nevatia and Babu [2] ; Tavakoli and Rosenfeld [3] investigated approaches that involve the extraction and grouping of edge segments based on both geometrical and gray level information. Doucette et al. [4] modelled roads as relatively homogeneous areas with elongated shapes from monocular intensity image. Laptev et al [5] proposed the extraction of roads from grayscale aerial images based on scale space and snakes.
© ICITA 2009 ISB : 978-981-08-3029-8
Roads in urban areas are dense and complex in topology and similarity. Linear feature only is inadequate to identify these roads. Jeon et al. [6] implemented road networks extraction from Synthetic Aperture Radar (SAR) images, with semantic networks and genetic algorithms. Gamba et al [7] improved urban road extraction by exploiting directional filtering, perceptual grouping and topological operations. Mokhtarzade and Zoej [8] implemented a back-propagation neural network with different hidden layer sizes trained with different iteration times. Boyer [9] employed a region-based approach that forms the regions by merging the homogeneous patches made from visual bands and infrared band aerial imagery. Tien and Xiao [10] proposed a geometrical computation method to present and identify road segments. All these methods are insensitive to the variations of the structures of road network. However, the major drawbacks are the presence of many artifacts caused by the overlap of different regions in spectral space.
In this paper, a new region-based perceptual grouping approach is proposed for road detection. The essential notion of perceptual organization is that object features are not distributed at random, but they exhibit some hierarchical regularities or patterns, known as the Gestalt principles. According to the Gestalt psychology, elements in an image are grouped from low-level features to high-level structures during the recognition process, based on the Gestalt principles such as proximity, parallelism, closure, symmetry and continuation [11, 12] . The process may be repeated until a meaningful semantic representation is achieved that may be used by a higher-level reasoning process. The process is known as perceptual grouping. Perceptual grouping can be used as a powerful methodology for solving the problems of the extraction and recognition of man-made structures owing to their inherent structural regularities.
Our perceptual grouping algorithms consist of two parts: one is similarity grouping by classifications and proximity merging. Candidature road regions are first separated from background from spectral analysis and are classified in terms of region's orientation. Adjacent regions in the same class are merged to form larger regions which are candidature road segments. The second part is detecting the road segments by geometric calculation from the candidature road segments. A tessellation based modeling supports the perceptual grouping.
II. IMAGE TESSELLATION AND CANDIDATURE REGION EXTRACTION

A. Tessellation of an image
We create a model of a tessellation consisting of polygonal regions from an image. Each region has an intrinsic size and compact shape, with pixels of similar spectral values. In this way, an image is represented as the set { } . n τ is the total number of regions in the image. Where i p is a region, characterized by six parameters:
I takes values of '1' or '0' based on a pixel based spectral classification.
B. Tessellation generation
A multi-resolution segmentation [13, 14] is applied to generate this tessellation. The segmentation is a region-grow technique starting with one-pixel regions. In the subsequent iterative steps, smaller image regions are merged into larger ones. In each step, the pair of adjacent image regions that results in the smallest growth of the defined heterogeneity is merged. The outcome of the segmentation algorithm is controlled by three parameters, scale , colour and compactness . scale is related to the average size of the regions and the image spatial resolution. colour and compactness are for the heterogeneity criterion which controls the merging decision process and is computed using spectral layers values. colour refers to the spectral homogeneity. It is measured by the standard deviation of the spectra in a region. compactness considers the shape of the regions. It is related to the ratio of region perimeter over the perimeter of region's bounding box and the number of pixels in the region. The segmentation subdivides an image into numerous homogenous regions. The pixels in a region have similar spectra and textures. 
B. Merging of road candidate regions
The candidature road regions in a class a c are merged to form road segment candidates, based on the perceptual grouping factor of proximity. Merge is conducted on the adjacent regions in class a c of orientation a to form a candidature road segment following these steps:
Step w is the road width constraint; th l is the minimum road segment length constraint; th r is the minimum ratio of road segment length over road width. They depend on the resolution, the scale of the images and the actual size of the road sections to be detected. / i i L W are used for the measurement of elongation of a segment.
V. EXPERIMENT
For performing experiments on spatial imagery, a true colour image taken by ADS40 from Leica Geosystems, was used for evaluation. The image covers a 5002m×5002m urban area in New South Wales, Australia, with a resolution of 0.5m. The data contained buildings, roads, car parks, trees in a residential urban region. Roads presented were as a network with various structures.
The threshold values in the experiment were set as: 0. The method efficiently decomposed a road network into portions of road sections, land segments and parking lots. From the decomposing, road sections were extracted efficiently. This was most evident at complex road junctions and crossings in the image, where the artifacts, such as the lane segments, parking lots and roofs were excluded, only road sections were extracted. As can be seen in Fig. 3 (e) , all the through (completed) road sections were extracted. Only the short broken roads cut by tree shadows were missing. Early spring or autumn instead of summer images for road extraction and the flight time when shadows were minimized was preferred for high performance of road extraction.
The performance of the proposed algorithm has been compared with the supervised classification algorithm-SVM classification and morphological operation. The SVM used in these experiments were based on OSU Support Vector Machines Toolbox [15] . The linear kernel provided efficient performance. Since the classification accuracy in our experiments were not significantly different in terms of different values for c, we adopted the regularization parameter 1 c = . Figs. 3 (b-d) illustrated the results of the two methods on the image in Fig. 3 (a) . In Fig.3 (b) for SVM, road regions were marked as 'road', accompany with lot of artifacts such as lanes, parking lots, gray roofs and vehicles. The morphological operation aimed at suppressing the artifacts. In Fig. 3(c) , the small, narrow, isolated artifacts were removed but some parking lots remained. In the meanwhile, some thin road segments were also removed. Table 1 shows completeness and correctness (see [16] for definitions) with the two methods. The performance on road extraction from our method led to the higher correctness as compared to those achieved by SVM classification plus morphological operations because less artifacts were extracted. Occlusion by trees downgraded the completeness for the both methods. Our region based perceptual grouping for road extraction consists of spectral homogenous region segmentation, road classification with respect of spectra, orientation classification, proximity merging and geometric measurements. Imagery modeling by homogeneous region tessellation provides a way to not only extract road networks but also decompose a road network into road sections so that the artifacts can be excluded by geometric measurements. Perceptual grouping of low-level image features of spectrum, orientation and proximity of the region yields a higher-level structure of road segments. The process may be repeated until a meaningful road section is achieved that can be used by a higher-level reasoning process.
From our experiments, we have demonstrated the capability of the proposed method in dealing with artifacts. The proposed approach yields higher accuracy for distinguishing road sections from artifacts comparing to the conventional SVM from the aerial imagery. The results from this work suggest that the proposed approach is an effective and feasible tool for road extraction.
